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A gravitational-wave (GW) detector that utilizes the phononic excitations of a Bose-Einstein
condensate (BEC) has recently been proposed [NJP 16, 085003 (2014)]. A subsequent and indepen-
dent study, [arXiv:1807.07046v1], has suggested an alternative GW detection scheme that also uses
phonons of a BEC but which was found to be many orders of magnitude away from being feasible.
Here we make clear that the two proposed schemes are very different and that the conclusions of
[arXiv:1807.07046v1] do not apply to the original proposal [NJP 16, 085003 (2014)].
In [1], the author studies a gravitational-wave (GW) detection scheme that is based on phonons of Bose-Einstein
Condensates (BECs) but which is found to be impractical. Since a previous proposal [2] for GW detection also used
phonons of a BEC, it could be interpreted that the conclusions of [1] also apply to [2]. However, there are many
differences between these proposals, and here we present the two most important ones: i) despite the reference to
squeezing in the abstract of [1], the initial phononic field is not squeezed, in contrast to the original proposal [2]; and
ii) no trapping potential is considered in [1], which is vital to any experimental realization of a BEC, and was found
to be critical to detecting GWs in [2].
Addressing point i) first, an integral part of the proposal [2] is the use of quantum metrology. Here one considers an
initial state, also called a probe state (for example, the vacuum or a squeezed state), a transformation that encodes the
parameter of interest (in this case the GW strain ) and, finally, a measurement. In order to estimate the parameter
with high precision, it is necessary to distinguish two states |ψ()〉 and |ψ(+ d)〉 that differ by an infinitesimal change
d of the parameter . The operational measure that quantifies the distinguishability of these two states is the Fisher
information, and optimizing over all the possible quantum measurements provides the quantum Fisher information
(QFI). The QFI depends strongly on the nature of the transformation that encodes the parameter and on the initial
quantum state. In particular, it can be shown that, in a single-run of an experiment, the error in the estimation of the
parameter of interest can scale as 1/N , where N is the number of initial probes (in this case phonons) for particular
quantum states, rather than 1/
√
N as for classical states. The optimum 1/N scaling, called Heisenberg-scaling, can
be achieved with squeezed states [3, 4], and these are the initial states prepared in [2] but not in [1]. For an initial
squeezed phonon state with N  1, the error in the estimation of the GW strain is [2]:
∆ ∝ 1
N
√
ωmωnτtNd
, (1)
where t is the time of each experimental run; τ is the integration time; Nd is the number of detectors; and ωm and
ωn are the angular frequencies of two phonon modes, which can be related to the GW angular frequency, Ω, through
either Ω = ωm +ωn or Ω = ωn−ωm. The former relation holds when a parametric resonance process occurs, whereas
the latter is a resonant frequency-converting (mode-mixing) process [2]. Note that, in the latter case, the phonon
frequencies can be greater than the GW frequency.
With large phonon numbers, a squeezed state can lead to orders of magnitude improvement over using a coherent
or vacuum state where N in (1) would be replaced by
√
N in the former case, and approximately 1 in the latter case.
By mixing the condensate and phononic modes as studied in [5, 6], it is possible to further improve this sensitivity
for a given experimental setup since the factor N is essentially now replaced with
√
N0N where N0 is the number of
condensate atoms [7], which must be greater than the number of phonons for the description of the Bose gas used in
[1, 2]. Note that, from (1), it is not one single number that will determine how good the estimation is; rather, it is a
combination of several factors. As often occurs in quantum metrology, the error in the estimation is also independent
of the parameter of interest , which is the strain of the GW in our case. Unfortunately, the error in the estimation of
the GW strain is not calculated in [1] for their scheme, instead general arguments are provided for why it is expected
that it would not currently be able to detect GWs.
We now address point ii). In all BEC experiments, the Bose gas is trapped, and this is clearly fundamental to the
experimental system. When assessing how a GW interacts with an experimentally viable BEC, we must consider how
the trap is affected by a GW. However, in [1] no trap potential is assumed. This fact is also emphasized by the author
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2in the conclusions section of [1]. There they also shortly discuss the implications of a trapping potential and state
“However, all the arguments above would still apply”. The validity of this statement would need to be shown in detail.
In contrast to [1], in [2], a uniform box trap potential is considered, which has been used in experiments [8]. The
device creating the tapping potential can be considered to be rigid to the GW in comparison to the BEC. To describe
this situation, it is assumed that the proper length remains constant, which is a frame-independent concept (see [9]
for an introduction and an application to an optical resonator). However, we must be very careful to be consistent
in whichever frame we choose to describe the process. In [2], the transverse-traceless (TT) frame is used for the GW.
In this frame the coordinate extension of the trap will be changing, leading to moving boundary conditions and the
resonance effects that are used for the detection scheme of [2]. Alternatively, one can use a frame closer to the lab
frame [10, 11] (often referred to as the proper detector frame) where the coordinate extension of the trap stays fixed.
In this case, the GW effect enters (to first order) as an additional potential term in the Gross-Pitaevskii equation.
This can be derived by considering a Lagrangian for a covariant BEC (see e.g. [12]) in a GW spacetime and then
taking the non-relativistic limit of a BEC [13] or by simply considering that the GW essentially acts as a Newtonian
force in this reference frame [14]. In this case, it is the additional potential that leads to the resonance effects that
are used for the proposal [2] (see also [15] for a similar process deriving from a moving mass close to a BEC, where a
quantum and classical treatment of phonons is employed). In addition to these parametric processes, there is also a
direct amplification channel, but this has a much smaller effect on the phonons [15].
In [1], the TT frame is used for describing the GW but no trap potential and, therefore, no boundary conditions are
considered, leading to a too simplistic description of how a GW interacts with experimental BECs. In particular, it
is explained that a GW acting on a homogeneous BEC at rest does not create phonons and instead only changes the
propagation of phonons, with squeezing being a higher order effect. While this seems to be correct for homogeneous
BECs without boundaries, a box trap potential is considered in [2] and the arguments presented above explain why a
GW acting on a box-trapped BEC at rest does indeed create phonons, and that this is not a higher order effect.1 An
inhomogeneous case is also discussed in [1] where GWs could directly create phonons. However, the BEC is still not in
a trapping potential, and this is very different to the case considered in the original proposal [2]. Furthermore, while
a linear dependence of the fidelity on the GW strain is discussed in [1], which is also a feature in [2], no parametric
amplification mechanism is considered, whereas these processes form the detection mechanism of [2].
Although point i) and ii) above are the two main differences between the proposal of [1] and [2], there are several
other distinguishing points. For example, the possibility of resonances is only shortly mentioned in [1] and is not
taken into account seriously, while resonances are central in [2]. Also, the time scale of a single experiment τ and the
total duration of the measurement t, both appearing in equation (1), are not considered in detail in [1]. Instead a
comparison is drawn with LIGO-like interferometric GW detectors, which usually measure transient phenomena that
only last for milliseconds, while the mechanism of [2] has only been proposed for persistent sources that may allow
for much larger integration times.
In conclusion, we have discussed how the principle components of the original proposed detection scheme [2]
- quantum metrology with an initial squeezed state of phonons, and using the fact that experimental BECs are
contained within trapping potentials - were not considered in the detection scheme proposed in [1], resulting in much
poorer sensitivity for that scheme compared to [2]. Using an initial squeezed state results in the optimum scaling,
Heisenberg scaling, in sensitivity, and the boundary conditions due to the trapping potential result in the direct
resonant squeezing or mode-mixing of phonons, which is essential to the detection scheme of the original proposal.
Note Added: After this work was completed, we became aware of a new version of [1], [arXiv:1807.07046v2]. This
comment is for the original version [arXiv:1807.07046v1].
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1 Note that in the Thomas-Fermi limit of a boxed-trapped BEC, the phonons will effectively see a homogeneous condensate, similar to
the case considered in [1], but, importantly, with boundary conditions [15, 16].
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